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(54) Nonvoiatiie semiconductor memory device with block architecture and minimized load on 
the internal voltage supply 



(57) A nonvolatile semiconductor memory device of 
the present Invention Includes: a plurality of memory 
blocks each including a memory array including a plu- 
rality of memory cells, a plurality of word lines and bit 
lines provided so as to cross each other for selecting the 
memory cell, a row decoder for selecting the word line 
according to an externally-input row address signal, a 
column decoder for selecting the bit line according to an 



externally-input column address signal; and at least one 
internal voltage generation circuit for applying a voltage 
required for perfomning data write/erase operations on 
the memory an^ay, a plurality of first switch circuits are 
provided such that each first switch circuit is provided 
between the at least one internal voltage generation cir- 
cuit and the row decoder or the column decoder, and a 
switch selection circuit is provided for selectively oper- 
ating the plurality of first switch circuits. 
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Description 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION: 

[0001] The present invention relates to a nonvolatile 
semiconductor memory device, and more particularly to 
a nonvolatile semiconductor memory device which in- 
cludes an internal voltage generation circuit having a 
function of generating a high voltage required for data 
write/erase operations and can reduce an area occu- 
pied by the interna) voltage generation circuit or sup- 
press an increase in such an area by reducing load ap- 
plied to an output terminal of the internal voltage gener- 
ation circuit from which a high voltage Is provided. 

2. DESCRIPTION OF THE RELATED ART: 

[0002] Recently, a nonvolatile semiconductor memo- 
ry device represented by a flash memory is coming into 
wide use. The nonvolatile semiconductor memory de- 
vice has a feature that electric power is not required for 
holding stored information, and therefore is mainly used 
in a mobile apparatus, such as a mobile phone or a mo- 
bile information processing apparatus, which is severely 
required to be compact In size and consume low power. 
[0003] In general, a flash memory often has functions 
of electrically writing and erasing data and includes an 
Internal voltage generation circuit (hereinafter, referred 
to as "charge pump circuit) having a function of gener- 
ating a high voltage required for data write/erase oper- 
ations. 

[0004] Such a conventional flash memory is de- 
scribed below with reference to Figure 2. As shown in 
Figure 2, the conventional flash memory includes a plu- 
rality of memory blocks B1 and 82 (the memory block 
82 has a same structure as that of the memory block 
81 and is therefore not shown in detail) each including: 
a memory array Ml including a plurality of memory cells; 
a plurality of word lines WL and bit lines BL provided so 
as to cross each other for selecting a memory cell (in 
this case, the word lines WL and bit tines BL are per- 
pendicular to each other); a row decoder XD for select- 
ing a word line WL according to an external ty-input row 
address signal; and a column decoder YD for selecting 
a bit line BL according to an externally-input column ad- 
dress signal. Each of the memory blocks 81 and 82 is 
connected to charge pump circuits PV1 and PV2 so as 
to provide the voltage required for perfomriing data write/ 
erase operations on the memory an^ays Ml . A voltage 
generated by the charge pump circuit PV1 is applied to 
the row decoder XD in each of the plurality of memory 
blocks 81 and 82. A voltage generated by the charge 
pump circuit PV2 is applied to the column decoder YD 
in each of the plurality of memory blocks 81 and 82. 
Although a case where the plurality of memory blocks 
are two memory blocks 81 and 82 is described below, 



the plurality of memory blocks are not limited to two 
memory blocks and three or more memory blocks can 
be used as the plurality of memory blocks. 
. [0005] Next, a voltage to be applied for data write/ 

5 erase operations is described with reference to a struc- 
ture of a flash memory shown in Figure 3. In Figure 3, 
reference numerals 1 and 2 denote diffusion regions 
which respectively fomi a drain region (D) and a source 
region (S) of a memory cell. Reference numeral 4 de- 

10 notes a floating gate (FG) for holding electric charge 
which is in a state of being fully insulated from electricity 
by oxide films 3 and 5. Reference numeral 6 denotes a 
control gate (CG) formed on the oxide film 5. Injection 
of electrk: charge Into the floating gate 4 (data write) and 

'5 drawing of electric charge from the floating gate 4 (data 
erase) are performed by applying a voltage to the control 
gate 6. 

[0006] in general, injection and drawing of electric 
charge (electrons) are perfonmed by means of a tunnel 

^ current or activated hot electrons passing through the 
oxide film 3, and therefore the oxide film 3 is also called 
a tunnel film. Electric charge injected Into the floating 
gate 4 through the oxide film 3 is semipennanently held 
in the floating gate 4 if a specific electric field is not ap- 

2S plied. Therefore, the flash memory functions as a non- 
volatile semiconductor memory device. 
[0007] Examples of specific values of applied voltage 
are described below. In the case of a data write opera- 
tion by means of the injection of hot electrons, for ex- 

30 ample, a high voltage of 12V is applied to the control 
gate 6, a high voltage of 6V Is applied to the drain region 
1, and zero voltage is applied to the source region 2. 
This allows a channel to be fonned between the source 
and drain regions 2 and 1, so that a large current flows 

35 through the channel (electron migration from the source 
region 2 to the drain region 1). After the migration from 
the source region 2 to the drain region 1 , each electron 
has a large energy due to the high voltage applied to the 
drain region 1 . When an electron has higher energy than 

40 that of an energy barrier of an insulation film (oxide film 
3), the electron can migrate to the floating gate 4. Ac- 
cording to this mechanism, the injection of the electrons 
into the floating gate 4 brings a memory cell into a data 
write state. 

45 [0008] On the other hand, in the case of a negative 
voltage erase method which is one of the methods for 
drawing electrons stored in a floating gate into a source 
of a memory cell, for example, a voltage of -10V is ap- 
plied to the control gate 6, zero voltage is applied to the 

50 source region 2, and the drain region 1 is brought into 
a floating (high impedance) state. This allows electrons 
to migrate from the floating gate 4 to the source region 
2 due to a tunnel effect, thereby erasing data in the 
memory cell. 

55 [0009] As described above, in order to perfonn data 
write/erase operations on a flash memory cell, either of 
positive or negative voltages, which is higher than a nor- 
mal power supply voltage, is required. Such a high volt- 
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age or a negative voltage is applied to a drain of the 
flash memory cell via a bit line connected thereto and a 
control gate of the flash memory cell via a word line con- 
nected thereto. 

[0010] When perfomning a data write operation, the 
charge pump circuit PV1 generates, for example, a volt- 
age of 1 2V which is applied to a predetermined word 
line via a row decoder XD in a selected memory block 
and the charge pump PV2 generates, for example, a 
voltage of 6V which is applied to a predetennined bit line 
via a column decoder YD in the selected memory block. 
As a result of this, data is written In a memory cell in 
whbh the predetennined word and bit lines cross each 
other. In an unselected memory block, no voltage Is ap- 
plied to any one of word and bit lines by the charge pump 
circuits PV1 and PV2. 

[0011] However, in the conventional structure de- 
scribed above, the charge pump circuits PV1 and PV2 
are respectively connected to the row decoders XO and 
the column decoders YD of all the memory blocks, and 
therefore a large load is applied to each of the charge 
pump circuits PV1 and PV2. 

[0012] Accordingly, when a current application ability 
of a charge pump circuit Is weak, a voltage applied by 
that charge pump circuit to a memory array is reduced, 
so that a data write property of the charge pump circuit 
with respect to the memory array is deteriorated, there- 
by causing problems, e.g., a period of time required for 
a data write operation is lengthened. Further, similar 
problems are caused with respect to a data erase oper- 
ation on the memory an-ay. 

[0013] Therefore, in the conventional nonvolatile 
semiconductor memory device, as memory capacity is 
increased, a size of a charge pump circuit is also re- 
quired to be increased, thereby further increasing an ar- 
ea of a semiconductor chip. 

SUMMARY OF THE INVENTION 

[001 4] According to one aspect of the present inven- 
tion, there is provided a nonvolatile semiconductor 
memory devk:e including: a plurality of memory blocks 
each including a memory array including a plurality of 
memory cells, a plurality of word lines and bit lines pro- 
vided so as to cross each other for selecting the memory 
cell, a row decoder for selecting the word line according 
to an externally-input row address signal, a column de- 
coder for selecting the bit line according to an externally- 
input column address signal; and at least one internal 
voltage generation circuit for applying a voltage required 
for performing data write/erase operations on the mem- 
ory array, a plurality of first switch circuits are provided 
such that each first switch circuit Is provided between 
the at least one internal voltage generation circuit and 
the row decoder or the column decoder, and a switch 
selection circuit is provided for selectively operating the 
plurality of first switch circuits. 
[0015] In one embodiment of the invention, the at 



least one internal voltage generation circuit includes a 
charge pump circuit and has a function of generating a 
voltage which is higher than a positive or negative power 
supply voltage. 

5 [0016] In another embodiment of the invention, each 
first switch circuit has a function of electrically connect- 
ing and disconnecting the at least one internal voltage 
generation circuit to the memory block so as to selec- 
tively apply an output voltage provided by the internal 

10 voltage generation circuit to the memory block. 

[0017] In still another embodiment of the invention, 
the switch selection circuit has a function of outputting 
a signal for selecting at least one of the plurality of first 
switch circuits according to an extemally-input address 

15 signal. 

[0018] In still another embodiment of the Invention, 
each first switch circuit is formed of a P-channel-type 
MOS transistor. 

[001 9] In still another embodiment of the invention, a 
20 plurality of second switch circuits are provided such that 
one of a source and a drain of each second switch circuit 
is connected to an output terminal of a corresponding 
one of the plurality of first switch cirx^uits provided be- 
tween the at least one internal voltage generation circuit 
25 and the row decoder or the column decoder and the oth- 
er one of the source and the drain thereof is grounded, 
and each second switch circuit has a function of ground- 
ing a connection point between the row or column de- 
coder and the corresponding one of plurality of first 
30 switch circuits when the corresponding one of plurality 
of first switch circuits Is electrically disconnected. 
[0020] In still another embodiment of the invention, 
each second switch circuit is formed of an N -channel- 
type MOS transistor. 
35 [0021] Functions of the present invention are de- 
scribed below. 

[0022] In the present invention, a first switch circuit 
provided between an internal voltage generation circuit 
(a charge pump circuit) and a row or column decoder is 
40 selectively operated using a switch selection circuit. By 
connecting the charge pump circuit only to a memory 
block selected from a plurality of memory blocks so as 
to apply an output voltage from the charge pump circuit 
to the selected memory block, it is possible to reduce 
^5 the load applied to the charge pump circuit. 

[0023] In order to conduct a high voltage generated 
by the charge pump circuit without reducing potential of 
the high voltage, it is preferable to use a P-channel-type 
MOS transistor as the first switch circuit. 
50 [0024] Further, by providing a plurality of second 
switch circuits such that one of a source and a drain of 
each second switch circuit Is connected to an output ter- 
minal of the first switch circuit and the other one of the 
source and the drain thereof is grounded and grounding 
55 the row or column decoder when the first switch circuit 
is electrically disconnected, It is possible to reduce the 
load applied to the charge pump circuit connected to the 
row or column decoder. 
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[0025] Since an N-channel-type MOS transistor is su- 
perior In conductive properties to a P-channel-type MOS 
transistor, It is preferable to use the N-channei-type 
MOS transistor as the second switch circuit which is a 
transistor having ground potential as source potential. 
[0026] Thus, the Invention described herein mal<es 
possible the advantages of providing a nonvolatile sem- 
iconductor memory device which can reduce the toad 
applied to an internal voltage generation circuit without 
deteriorating data write/erase properties, so that a size 
of the Internal voltage generation circuit is kept mini* 
mum, thereby preventing an Increase in area of a sem- 
iconductor chip. 

[0027] These and other advantages of the present in- 
vention wilt become apparent to those skilled In the art 
upon reading and understanding the following detailed 
description with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] Figure 1 1s a block diagram illustrating a struc- 
ture of a nonvolatile semiconductor memory device ac- 
cording to an embodiment of the present invention. 
[0029] Figure 2 is a block diagram illustrating a struc- 
ture of a conventional nonvolatile memory devtee. 
[0030] Figure 3 is a cross-sectional view Illustrating a 
structure of a typical flash memory cell. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0031] Hereinafter, embodiments of the present in- 
vention will be described with reference to the accom- 
panying figures. 

[0032] Figure 1 1s a block diagram illustrating a struc- 
ture of a flash memory whk:h is an embodiment of a non- 
volatile semiconductor memory device of the present in- 
vention. As shown in Figure 1, this flash memory in- 
cludes a plurality of memory blocks 81 and 82 (the 
memory block 82 has a same structure as that of the 
memory block 81 and is therefore not shown in detail) 
each Including: a memory an-ay Ml Including a plurality 
of memory cells; a plurality of word lines WL and bit lines 
8L provided so as to cross each other for selecting a 
memory cell (in this case, the word lines WL and bit lines 
BL are perpendicular to each other); a row decoder XD 
for selecting a word line WL according to an externatly- 
Input row address signal; and a column decoder YD for 
selecting a bit line BL according to an externally-lnput 
column address signal. In the memory block 81 , the row 
decoder XD is connected to a switch circuit PI and the 
column decoder YD is connected to a switch circuit P2. 
In the memoryblock 82, the row decoder XD Is connect- 
ed to a switch circuit P3 and the column decoder YD is 
connected to a switch circuit P4. The switch circuits PI 
and P3 are connected to a charge pump circuit PV1 for 
providing a voltage required for perfomiing data write/ 
erase operations on memory arrays Ml . The switch cir- 



cuits P2 and P4 are connected to a charge pump circuit 
PV2. A voltage generated by each of the charge pump 
circuits PV1 and PV2 is higher than a power supply volt- 
age for driving the memory an^ays Ml . A voltage gener- 

5 ated by the charge pump circuit PV1 Is applied to the 
row decoder XD in the memory block 81 via the switch 
circuit PI and to the row decoder XD in the memory 
block 82 via the switch circuit P3. A voltage generated 
by the charge pump circuit PV2 Is applied to the column 

10 decoder YD in the memory block 81 via the switch circuit 
P2 and to the column decoder YD in the memory block 
82 via the switch circuit P4, Although a case where the 
plurality of memory blocks are two memory blocks 81 
and 82 is described below, the plurality of memory 

15 blocks are not limited to two memory blocks and three 
or more memory blocks can be used as the plurality of 
memory blocks. 

[0033] In this embodiment of the present invention, in 
order to conduct a high voltage generated by each of 

^ the charge pump circuits PV1 and PV2 so as not to re- 
duce a potential level, p-channel-type MOS transistors 
are used as the switch circuits P1-P4. 
[0034] The switch circuits P1-P4 are connected to a 
switch selection circuit SW for selectively activating the 

25 switch circuits P1-P4. The switch selection circuit SW 
receives an extemally-inputrow address signal and out- 
puts block selection signals 8S1 and 8S2 so as to se- 
lectively apply output voltages of the charge pump cir- 
cuits PV1 and PV2 to the memory blocks B1 and 82. It 

30 should be noted that the number of block selection sig- 
nals to be output corresponds to the number of memory 
blocks, e.g., when there are M memory blocks in a flash 
memory, M block selection signals are output. 
[0035] In this embodiment of the present invention, for 

35 clarity of description, an address signal whk:h Is exter- 
nally Input to the switch selection circuit SW is described 
as being a row address signal. However, such an ad- 
dress signal is not limited to the row address signal and 
can be a column address signal or a combination of the 

40 row and column address signals. 

[0036] The block selection signal 8S1 from the switch 
selection circuit SW is input to each gate of the switch 
circuits PI and P2 with a level of the block selection sig- 
nal BS1 being shifted by a level shifter LSI. The block 

45 selection signal 8S2 from the switch selection circuit 
SW Is input to each gate of the switch circuits P3 and 
P4 with a level of the block selection signal 8S2 being 
shifted by the level shifter LSI . In this case, an inversion 
level shifter, which shifts a level of a signal based on a 

50 stable ground potential, is used as the level shifter LSI 
so as to ensure that the switch circuits P1-P4, which are 
the P-channel-type MOS transistors, are tumed on. 
[0037] A switch circuit N1 is provided such that a gate 
thereof is connected between connection points of the 

55 switch circuit P1 and the level shifter LSI. The switch 
circuit N1 has a source connected to ground and a drain 
connected to a drain of the switch circuit PI. When the 
switch circuit PI Is electrically disconnected, the switch 
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circuit N1 is brought into a conductive state so as to 
ground the row decoder XD. Further, a switch circuit N2 
is provided such that a gate thereof Is connected be- 
tween connection points of the switch circuit P2 and the 
level shifter LS1 . The switch circuit N2 has a source con- 
nected to ground and a drain connected to a drain of the 
switch circuit P2. When the switch circuit P2 is electri- 
cally disconnected, the switch circuit N2 Is brought into 
a conductive state so as to ground the colunnn decoder 
YD. 

[0038] Next, a specific circuit structure of the row de- 
coder XD Is described. The row decoder In the memory 
block B1 has a same structure as that of the row decoder 
in the memory block B2, and therefore only the row de- 
coder In the memory block B1 is described below. 
[0039] The row decoder XD includes the P-channel- 
type MOS transistors Q1, Q2, Qn, an address de- 
coder AD, and a plurality of level shifters LS2 the 
number of which corresponds to the number of P-chan- 
nel-type MOS transistors Q. N -channel-type MOS tran- 
sistors G1, G2, Gn are provided such that each N- 
channel-type transistor is connected between a single 
level shifter LS2 and a single P-channel-type MOS tran- 
sistor Q. It should be noted that n denotes the number 
of columns, I.e., the number of word lines, In a single 
memory block. 

[0040] All the sources of the P-channel-type MOS 
transistors Q1-Qn are connected to an output tenminal 
of the switch circuit P1 and each drain of the P-channel- 
type MOS transistors Ql-Qn Is connected to a core- 
sponding one of the word lines WL. Each of signals li , 
r2, rn which are obtained by decoding externally in- 
put row address signals using the address decoder AD 
are Input to a corresponding one of gates of the P-chan- 
nel-type MOS transistors Q1, Q2, Qn with a level of 
each of the signals rt-rn being shifted by a level shifter 
LS2. Similar to the level shifter LSI, an inverse level 
shifter is used as the level shifter LS2. 
[0041] The N -channel-type MOS transistors Gl-Gn 
are provided so as to ground unselected word lines . 
The reason for this is that when the same potential as 
that of selected memory cell Is applied to unselected 
memory cells, gate disturbance is caused, thereby de- 
creasing the reliability of data. Further, the reason why 
the N-channel-type MOS transistor are used is that they 
are superior in ability to pass a ground potential there- 
through. 

[0042] Next, data write/erase operations on the mem- 
ory block 81 are described. When performing the data 
write operation, a row address signal is externally input 
to the switch selection circuit SW so that the block se- 
lection signal BS1 output by the switch selection circuit 
SW is activated. The block selection signal BS1 Is Input 
to the switch circuits PI and P2 via their respective level 
shifters LSI so as to bring the switch circuits PI and P2 
into a conductive state. As a result of this, the charge 
pump circuits PV1 and PV2 apply a voltage to the row 
decoder XD and the column decoder YD, respectively. 



[0043] For example, the charge pump circuit PV1 
generates a voltage of 12V which is applied to a prede- 
temnlned word line via the switch circuit PI and the row 
decoder XD of the memory block B1 and the charge 
5 pump circuit PV2 generates a voltage of 6V which is ap- 
plied to a predetemnined bit line via the switch circuit P2 
and the column decoder YD of the memory block B1 . 
As a result, data Is written In a memory cell in which the 
predetermined word line and the predetemnined bit line 
10 cross each other. 

[0044] In this case, in the unselected memory block 
B2, a block selection signal BS2 output by the switch 
selection circuit SW is not activated, so that the switch 
circuits P3 and P4 are In a nonconductlve state. There- 
fore, no voltage is applied to any one of the word lines 
and bit lines In the memory block B2 by the charge pump 
circuits PV1 and PV2. 

[0045] When perfomnlng a data erase operation, a 
row address signal is externally input to the switch se- 
lection circuit SW so that the block selection signal BS1 
output by the switch selection circuit SW Is activated. 
The block selection signal BS1 Is input to the switch cir- 
cuits PI and P2 via their respective level shifters LSI 
so as to bring the switch circuits PI and P2 into a con- 
ductive state. As a result of this, the charge pump cir- 
cuits PV1 and PV2 apply a voltage to the row decoder 
XD and the column decoder YD. respectively. 
[0046] For example, a voltage of -1 2V generated and 
applied to the switch circuit PI by the charge pump cir- 
cuit PV1 is output from the switch circuit PI since the 
block selection signal BS1 is input to the gate of the 
switch circuit PI via the level shifter LSI so as to turn 
on the switch circuit PI . Similarly, the voltage applied to 
the P-channel-type MOS transistors Ql-Qn by the 
switch circuit PI Is output from the P-channel-type MOS 
transistors Q1-On since the address signals rl-m are 
Input to con-esponding gates of the P-channel-type 
MOS transistors Ql-Qn via their respective level shift- 
ers LS2 so as to turn on the P-channel-type MOS tran- 
sistors Ql-Qn. Specifically, a threshold voltage of the 
P-channel-type MOS transistor forming the switch cir- 
cuit PI and a threshold voltage of a corresponding one 
of the P-channel-type MOS transistors Ql-Qn included 
in the row decoder XD are added to the voltage of -1 2V 
which is generated by the charge pump circuit PV1, so 
that a voltage of about -10V required for the data erase 
operation is applied to each word line WL in the selected 
memory block B1. The charge pump circuit PV2 does 
not generate such a high voltage as is generated by the 
charge pump circuit PV1, and therefore, although the 
block selection signal BS1 brings the switch circuit P2 
of the memory block B1 into a conductive state, a col- 
umn address signal is inactive during the data erase op- 
eration, and therefore all the bit lines are controlled so 
as to be brought Into a floating state. As a result, data 
in all the memory cells in the memory block B1 is erased. 
[0047] In this case, in the unselected memory block 
B2, the block selection signal BS2 output by the switch 
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selection circuit SW is not activated and an output volt- 
age from the level shifter LSI becomes OV, so that the 
switch circuits P3 and P4 are brought into a nonconduc- 
tive state. Therefore, no voltage is applied to any one of 
the word lines in the memory block B2 by the charge 
pump circuits PV1 and PV2. 

[0043] During the data write/erase operations, In the 
unselected memory block B2, all the signals output from 
the address decoder AD are broughtto a LOW level and 
are input to their respective N-channel-type MOS tran- 
sistors G1-Gn via a corresponding one of the inverse 
level shifters LS2 so that that the N-channel-type MOS 
transistors Ql-Gn are brought into a conductive state 
and all the word lines are grounded. 
[0049] In this case, since an output voltage of the 
charge pump circuit PV1 is not applied to the unselected 
memory block B2 when performing the data write oper- 
ation on the selected memory block 81 , a level of an 
output from each inverse level shifter LS2 in the unse- 
lected memory block 82 is the same as that of a voltage 
applied by the charge pump circuit PV2 or a power sup- 
ply Vcc (not shown). When performing the data erase 
operation on the selected memory block 81 , an output 
voltage from each inverse level shifter LS2 in the unse- 
lected memory block 82 is a positive voltage (e.g., about 
2Vto 3V) which can bring the N-channel-type MOS tran- 
sistors Gl-Gn Into a conductive state. 
[0050] Further, In the unselected memory block 82, 
the switch circuits N1 and N2 are brought into a conduc- 
tive state, and therefore the row decoder XD and the 
column decoder YD are grounded, thereby reducing the 
load applied to the charge pump circuit PV2. 
[0051] In this state, capacitance of the load applied to 
the charge pump circuit PV1 is a sum of parasitic ca- 
pacitance of the drains of the switch circuits PI and P3, 
parasitic capacitance of the drains of the P-channel-type 
MOS transistors Q1 , Q2, Qn in the memory block 81 
which are electrically connected to the charge pump cir- 
cuit PV1 due to conduction of the switch circuit P1, and 
capacitance of the load applied to a word line which is 
selected due to conduction of any one of the P-channel- 
type MOS transistors Ql-Qn. In this case, the switch 
circuit P3 is in a nonconductive state, and therefore par- 
asitic capacitance of the P-channel-type MOS transis- 
tors Ql-Qn in the memory block 82 and capacitance of 
the load applied to the word lines WL connected to the 
P-channel-type MOS transistors Ql-Qn in the memory 
block 82 are not Included in the capacitance of the load 
applied to the charge pump circuit PV1 . 
[0052] For example, when a channel length LI and a 
channel width W1 of each of the P-channel-type MOS 
transistors fonning the switch circuits PI and P2 are 1 
^m and 180 \im, respectively, the parasitic capacitance 
of each of the switch circuits P1 and P2 is typically de- 
signed so as to be, for example, about 160 fF. When a 
channel length L2 and a channel width W2 of each of 
the P-channel-type MOS transistors Ql-Qn in the mem- 
ory block 81 are 1 \m\ and 40 ^m, respectively, the par- 



asitic capacitance of each of the P-channel-type MOS 
transistors Ql-Qn Is typically designed so as to be. for 
example, about 40 fF. When capacitance of the load ap- 
plied to a single word line to be selected is 1 .5 pF and 
5 the number (n) of rows in one memory block is n = 2048, 
the entire capacitance of the load applied to the charge 
pump circuit PV1 is obtained as follows: 160 fF x 2 
(blocks) + 40 fF X 2048 + 1 .5 pF = about 83.74 pF. 
[0053] On the contrary, In the case where the flash 
10 memory shown in Figure 1 does not include the switch 
circuits PI and P3 as In the case of the conventional 
flash memory, although capacitance of load applied to 
the switch circuits PI and P3 is excluded, load applied 
to the P-channel-type MOS transistors Ql-Qn in the 
'5 memory block 82 are included in the entire capacitance 
of load applied to the charge pump circuit PV1 , and 
therefore the entire capacitance of load applied to the 
charge pump circuit PV1 is obtained as follows: 40 fF x 
2048 X 2 (blocks) + 1 .5 pF = about 165.34 pF. 
[0054] Therefore, according to this embodiment, ca- 
pacitance of the load applied to the charge pump circuit 
PV1 is reduced by half as compared to the conventional 
flash memory. Further, based on the same solution, it is 
appreciated that as the number (M) of memory blocks 
connected to the charge pump circuit PV1 is increased, 
capacitance of the load applied to the charge pump cir- 
cuit PV1 is reduced to 1/M as compared to the conven- 
tional flash memory. 

[0055] Further, in this embodiment, similar to the en- 
tire capacitance of the load applied to the charge pump 
circuit PV1 , entire capacitance of the load applied to the 
charge pump circuit PV2 includes capacitance of the 
load applied to the switch circuits P2 and P4, capaci- 
tance of the load applied to the column decoder YD in 
the memory block 81 which is connected to the charge 
pump circuit PV2 due to conduction of the switch circuit 
P2, and capacitance of the load applied to a bit line se- 
lected by the column decoder YD. In this case, the 
switch circuit P4 is in a nonconductive state, and there- 
fore capacitance of the load applied to the column de- 
coder YD In the memory block 82 and capacitance of 
the load applied to each bit line connected to the column 
decoder YD are not included In the entire capacitance 
of the load applied to the charge pump circuit PV2. 
[0056] On the contrary, in the case where the flash 
memory shown in Figure 1 does not Include the switch 
circuits P2 and P4 as in the case of the conventional 
flash memory, although capacitance of the load applied 
to the switch circuits P2 and P4 is excluded, the load 
applied to the column decoder YD in the memory block 
82 is included in the entire capacity of the load applied 
to the charge pump circuit PV2. In this case, capaci- 
tance of the load applied to the column decoder YD is 
overwhelmingly larger than that of the load applied to 
the switch circuits P2 and P4, so that the entire capac- 
itance of the load applied to the charge pump circuit PV2 
is reduced to about 1/M as compared to the convention- 
al flash memory. 
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[0057] As described above, according to this embod- 
iment, by connecting output temriinals of charge pump 
circuits only to corresponding decoders selected as min- 
imum requirements in a memory block, rather than to 
the memory blocl<, it is possible to significantly reduce 
the load applied to the output tenninals of the charge 
pump circuits. In this case, although all the switch cir- 
cuits are connected to each of the charge pump circuits, 
the load applied to the switch circuits Is considerably 
smaller than that applied to the decoders. Therefore, as 
compared to the conventional flash memory, the load 
applied to each of the charge pump circuits can be 
sharply decreased and when the number of memory 
blocks connected to each of the charge pump circuits Is 
M, the load applied to each of the charge pump circuits 
is reduced to about 1/M. 

[0058] A size of the charge pump circuit greatly de- 
pends on an entire area of a capacitor Included in the 
charge pump circuit. The entire area of the capacitor is 
roughly proportional to the capacitance of the load to be 
driven, and therefore when the capacitance of the load 
is reduced to about 1/M, the size of the charge pump 
circuit can also be reduced to about 1/M. 
[0059] As described in detail above, according to the 
present Invention, It is possible to select decoders in a 
memory block as minimum requirements from all the 
memory blocks so as to provide an output of a con'e- 
sponding one of the charge pump circuits, and therefore 
it is enough for each of the charge pump circuits to drive 
only a minimum number of loads required. 
[0060] Although a size of a charge pump circuit used 
in a conventional memory and required for performing 
data read/write/erase operations on the conventional 
memory keeps on increasing while storage capacity of 
memories Is increased day by day, according to the 
present invention, when a memory Is divided into M 
memory blocks, it is possible to reduce an area in a sem- 
iconductor chip which is occupied by the charge pump 
circuit to about 1/M as compared to a conventional 
memory. Further, even if storage capacity of a memory 
is increased, by increasing the number of blocks In the 
memory so as to fix the storage capacity for one block, 
it is possible to suppress an increase of the size of the 
charge pump circuit. 

[0061] Furthemiore, by providing the charge pump 
circuits so as to be unifomn in size, the driven load is 
reduced, and therefore it is possible to shorten a period 
of time required for prescribed potential to be reached, 
thereby shortening a period of time required for perfomi- 
Ing data write/erase operations. 
[0062] This improves operating efficiency of the 
charge pump circuit, and therefore power consumption 
can be reduced and furthemiore, it is possible to reduce 
production cost due to an effect of reducing a chip area. 
[0063] Various other modifications will be apparent to 
and can be readily made by those skilled in the art with- 
out departing from the scope and spirit of this invention. 
Accordingly, it is not intended that the scope of the 



claims appended hereto be limited to the description as 
set forth herein, but rather that the claims be broadly 
construed. 



Claims 

1 . A nonvolatile semiconductor memory device com- 
prising: 

10 

a plurality of memory blocks each including a 
memory an-ay including a plurality of memory 
cells, a plurality of word lines and bit lines pro- 
vided so as to cross each other for selecting the 

IS memory cell, a row decoder for selecting the 

word line according to an extemally-input row 
address signal, a column decoder for selecting 
the bit line according to an externally-input col- 
umn address signal; and 

20 at least one internal voltage generation circuit 

for applying a voltage required for perfomriing 
data write/erase operations on the memory ar- 
ray, 

2S wherein a plurality of first switch circuits are 

provided such that each first switch circuit is provid- 
ed between the at least one internal voltage gener- 
ation circuit and the row decoder or the column de- 
coder, and 

30 a switch selection circuit is provided for selec- 

tively operating the plurality of first switch circuits. 

2. A nonvolatile semiconductor memory circuit ac- 
cording to claim 1 , wherein the at least one internal 

35 voltage generation circuit includes a charge pump 
circuit and has a function of generating a voltage 
which is higher than a positive or negative power 
supply voltage. 

^0 3. A nonvolatile semiconductor memory circuit ac- 
cording to claim 1 , wherein each first switch circuit 
has a function of electrically connecting and discon- 
necting the at least one internal voltage generation 
circuit to the memory block so as to selectively apply 

^5 an output voltage provided by the internal voltage 
generation circuit to the memory block. 

4. A nonvolatile semiconductor memory circuit ac- 
cording to claim 1 , wherein the switch selection cir- 

50 cult has a function of outputting a signal for selecting 
at least one of the plurality of first switch circuits ac- 
cording to an externally-input address signal. 

5. A nonvolatile semiconductor memory circuit ac- 
55 cording to claim 1 , wherein each first switch circuit 

is fonned of a P-channel-type MOS transistor. 

6. A nonvolatile semk;onductor memory circuit ac- 
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cording to claim 1 , wherein a plurality of second 
switch circuits are provided such that one of a 
source and a drain of each second switch circuit Is 
connected to an output temninal of a corresponding 
one of the plurality of first switch circuits provided 5 
between the at least one internal voltage generation 
circuit and the row decoder or the colunrtn decoder 
and the other one of the source and the drain there- 
of is grounded, and each second switch circuit has 
a function of grounding a connection point between io 
the row or column decoder and the corresponding 
one of plurality of first switch circuits when the cor- 
responding one of plurality of first switch circuits is 
electrically disconnected. 



A nonvolatile semiconductor memory device ac- 
cording to claim 6, wherein each second switch cir- 
cuit is fonned of an N-channel-type MOS transistor. 
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